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[57] ABSTRACT

A method and an arrangement for continuous tension
stretching of thin metal strips. The strip is conducted
through a set of brake rollers and a set of pull rollers and
the strip is subjected to a stretch-forming or stretch pull
operation between the two sets of rollers for stretching
the strip in the plastic range, wherein the stretch pull
force corresponds to the yield point of the strip mate-

" rial. The strip is subjected between the set of brake
rollers and the set of pull rollers only to a stretch-pull
which is required for stretching the strip in the plastic
range. As a result, transverse elongation during plastic
stretching is minimized, so that center troughs no
longer occur and, when the strip is longitudinally di-
vided, the strip portions no longer have unequal side
lengths.
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1

METHOD FOR CONTINUOUS TENSION
STRETCHING OF THIN STRIPS, PARTICULARLY
METAL STRIPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for contin-
uous tension stretching of thin strips, particularly metal
strips of steel, aluminum or other metals having a thick-
ness of between 0.05 mm and 0.5 mm. The method
includes passing the strip through a set of brake rollers
and a set of pull rollers and subjecting the strip to a
stretch pull or stretch-forming operation between the
two sets of rollers during stretching of the strip in the
plastic range. The stretch pull force corresponds to or
slightly exceeds the yield point of the strip material.

The present invention also relates to an arrangement
for carrying out the above-described method.

2. Description of the Related Art

Thin metal strip is leveled by means of tension
stretching arrangements with a set of brake rollers and
a set of pull rollers. Both sets of rollers have two or
more rollers to which staggered torques and, thus,
stretch-forming forces are applied, so that finally the
stretch pull or stretch-forming force required for the
desired stretching is achieved between the set of brake
rollers and the set of pull rollers.

During the stretching procedure, the plastic elonga-
tion of the strip is obtained by reducing the strip thick-
ness arid strip width. While the reduction of strip thick-
ness is not impaired during the stretching procedure,
the reduction of strip width is impaired in transverse
direction because of the friction between the strip and
the rollers, so that transverse tensions are built up from
the strip edge toward the strip center with the result
that greater plastic deformations occur in the middle
portion of the strip than in the edge portions of the strip.
In fact, the reduction of the strip width in transverse
direction is particularly impaired because of attempts to
build up high stretch-forming forces within as few rol-
lers as possible and, consequently, rollers are used
whose outer roller surfaces are provided with a friction
lining of rubber, plastics material or the like. The last
roller of the set of brake rollers and the first roller of the
set of pull rollers have to transmit the maximum stretch-
forming force to the strip in accordance with a stagger-
ing of the coefficient of friction eta. The stretch-form-
ing forces to be generated are always adjusted in such a
way that the respective yield point of the strip is
reached between the last brake roller and the first pull
roller and a strip elongation occurs which is freely se-
lectable. The resulting longitudinal tensions cause the
above-mentioned transverse tensions which depend on
the strip material. The ratio of €ransverse 1O €iongitudinals
the so-called Poisson coefficient , is in the range of
between 0.25 to 0.3 in the case of metals.

If a longitudinal tension is applied to a strip, the strip
is constricted in the elastic range as well as in the plastic
range. The transverse tensions are built up increasingly
from the edge to the center of the strip because the strip
is prevented from transverse sliding on the rollers. In
connection with the longitudinal tensions, this results in
greater longitudinal deformations in the center of the
strip. This is true for the elastic deformation as well as
for the plastic deformation, so that more-or-less pro-
nounced troughs are formed in the strip center which
are not acceptable, particularly in strips to be used for
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lithographic purposes. In addition, during stretching in
the plastic range, residual tensions occur in longitudinal
direction which are uniformly distributed over the
width of the strip.

If such a strip is cut into longitudinal strip portions to
be used for different printing sizes, the edges in the
center are slightly longer than the edges at the outside.
This is also an undesirable effect. This effect is com-
pounded by the fact that the strip can be pressed into
the elastic coating of the roller surfaces, so that the strip
edges at the edge portions of the strip are forced with

greater force into the roller surface than are the middle

strip portions.

It is, therefore, the object of the present invention to
provide a method and an arrangement for continuous
tension stretching of thin strip, particularly metal strip,
of the above-described type in which the transverse
changes of the strip occurring during plastic stretching
are reduced to a minimum and, thus, the formation of
center troughs and residual tensions non-uniformly dis-

. tributed over the width of the strip are essentially elimi-
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nated.

SUMMARY OF THE INVENTION

In the method of the above-described type, the object
of the invention is met by subjecting the strip to a
stretch pull or stretch-forming operation required only
for its stretching in the plastic range in a pair of tension
stretching rollers arranged between the set of brake
rollers and the set of pull rollers.

In accordance with a feature of the invention having
independent significance, approximately 5% to 25% of
the maximum stretch pull for the plastic stretching is
applied by the pair of tension stretching rollers and 75%
to 95% of the maximum stretch pull for the elastic
stretching of the strip is generated by the set of brake
rollers and the set of pull rollers.

Accordingly, the present invention provides that the
set of brake rollers and the set of pull rollers generate
that stretch pull which is required for the elastic defor-
mation of the continuous strip. Thus, the rollers of the
set of brake rollers and of the set of pull rollers perform
a relatively high portion of the stretch pull. However,
this is not troublesome because the strip is not subjected
to a permanent transverse change during the elastic
deformation. On the other hand, the plastic deformation
of the strip during the stretching procedure is carried
out only within the pair of tension stretching rollers
which perform the remaining and relatively low portion
of the stretch pull. Consequently, the stretch pull re-
quired for the desired stretching of the strip is distrib-
uted to the set of brake rollers and the set of pull rollers
for the elastic stretching, on one hand, and the pair of
tension stretching rollers for the plastic stretching of the
strip, on the other hand.

In this connection, the invention starts from the find-
ing that only a relatively low portion of the tension is
required for stretching in the plastic range, i.e., to reach
or possibly slightly exceed the yield point of the strip
material. With the modulus of elasticity being predeter-
mined by the strip material, this results in a correspond-
ingly low transverse stretching. This, in turn, results in
a relatively uniform distribution of the tension over the
width of the strip, so that center troughs are practically
no longer formed and there is no longer the danger that
after longitudinally dividing the strip, the strip portions
have sides of different lengths. Consequently, an excel-
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lent product is obtained which is suitable even for litho-
graphic purposes.

A tension stretching arrangement which is suitable
for carrying out the method according to the invention
essentially includes a set of brake rollers and a set of pull
rollers. The improvement provided by the invention is a
pair of tension stretching rollers arranged between the
set of brake rollers and the set of pull rollers. The set of
brake rollers, the pair of tension stretching rollers and
the set of pull rollers may be tension mounted in the
known manner.

In order to minimize transverse changes in the strip
during the plastic stretching and, consequently, in the
area of the pair of tension stretching rollers by means of
a suitable roller construction, the present invention
further provides that the tension stretching rollers have
metal shells, the surfaces of which are hardened or
provided with a hard coating and have a very fine fin-
ish. As a result, the friction between the strip and the
pair of tension stretching rollers is minimized to such an
extent that frictional influences can no longer cause
transverse tensions which increase from the strip edge
to the strip center; rather, an essentially uniform distri-
bution of tension over the width of the strip is achieved.

In this connection, the invention provides that the
roller shells of the tension stretching rollers are of a
metal alloy having a low coefficient of friction, such as,
austenitic cast iron with flake graphite or globular
graphite, bronze alloys or the like. This simultaneously
facilitates sliding without a tendency to erode. The
sliding ‘effect can be further optimized by applying to
the tension stretching rollers preferably an anti-friction
agent, for example, an oil emulsion which simulta-
neously prevents loose particles from sticking to the
rollers.

In accordance with an advantageous feature of the
invention, the diameter of the tension stretching rollers
is 1500 times greater than the maximum strip thickness,
so that bending on the tension stretching rollers contrib-
uting to the plastic tension stretching has only a slight
influence on the longitudinal curvature or planeness.

The novel features which are considered as charac-
teristic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
best understood from the following description of spe-
cific embodiment when read in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is a schematic top view of the tension stretch-
ing arrangement according to the present invention
with a hydraulic tension mounting;

FIG. 2 is a side view of the arrangement of FIG. 1
without the mounting;

FIG. 3 is a cross-sectional view of a metal strip on a
roller having an elastic roller shell and the resulting
tension build up during the stretching procedure;

FIG. 4 is a cross-sectional view of a metal strip on a
tension stretching roller according to the present inven-
tion with an anti-friction roller shell and the tension
build up according to the invention during the stretch-
ing procedure; and

FIG. 5 is a schematic top view of a modified tension
stretching arrangement according to the present inven-
tion.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

The figures of the drawing show a tension stretching
arrangement for the continuous tension stretching of
thin metal strip M particularly of steel, aluminum or the
like, having a strip thickness of between 0.05 mm and
0.5 mm. The tension stretching arrangement is essen-
tially composed of a set A of brake rollers 1, 2, 3, 4 and
a set B of pull rollers 7, 8, 9, 10. A pair C of tension
stretching rollers 5, 6 is arranged between the set A of
brake rollers and the set B of tension rollers. At least the
tension stretching rollers 5, 6 have metal roller shells 11.
The surfaces of the shells 11 are hardened or provided
with a hard coating and are provided with a very fine
finish. Specifically, the roller shells 11 may be of a metal
alloy having a low coefficient of friction, such as, aus-
tenitic cast iron with flake graphite or globular graph-
ite, bronze alloys or the like. A lubricant may be applied
to the tension stretching rollers 5, 6. The diameter of the

. tension stretching rollers 5, 6 is selected 1500 times
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greater than the maximum strip thickness.

Within the scope of the invention, the set A of the
brake rollers and the set B of the tension rollers can
have two or more rollers. The rollers may be tension
mounted in the known manner.

EXAMPLE

It shall be assumed that the stretch pull required for
the desired tension stretching is 16 t. In addition, the
yield point of the strip material shall be reached when
the stretch pull is 16 t, i.e.

16 t = 100% os

In the case of aluminum as the strip material, os=20
kp/mm? and the modulus of elasticity E=6900
kp/mm?2. In a conventional tension stretching arrange-
ment, i.e., without the intermediate arrangement of a
pair C of tension stretching rollers, the stretch pull
distribution shall be as follows:

Roller Sz As:
1 —21 1t
2 —41t 2t
3 -8t 41
4 —16t 81
5 +16¢t 81
6 +81 4t
7 +4t 2t
8 +2t 1t

In this case, the following longitudinal and transverse
elongations occur:

Rollers 4/5 AS;=8 t ~ 50% oS=10 kp/mm?

Longitudinal elongation €;=10/6900 =0.00145

Transverse elongation €,=0.000435

with p=0.3

Length change/1000 mm AL =1.45 mm

Width change/1000 mm AB=0.435 mm

The stretch pull distribution with a pair C of tension
stretching rollers in accordance with the present inven-
tion is as follows:

Roller Sz As,
1 2t 1t
2 4t 2t
3 8t 41
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-continued
Roller Sz As:
4 152t 7.21
5 16.0 t 0.8 1
6 160t 0.81
7 1521 721t
8 81t 41t
9 41 2t
10 2t 1t

Rollers 5/6 AS;=0.8 t ~ 5% o S=1 kp/mm?
Longitudinal elongation €;=1/6900=0.000145
Transverse elongation €,=0.0000435

with u=0.3

Length change/1000 mm AL =0.145 mm

Width change/1000 mm AB=0.0435 mm

It is immediately clear from this example that the
transverse elongation per 1000 mm strip width is greater
by the factor 10 in the conventional tension stretching
arrangement than in the arrangement according to the
invention. In fact, the arrangement of the present inven-
tion reduces the transverse elongation by the factor
1/10 because between the set A of brake rollers and the
set B of pull rollers, the strip is subjected in the interme-
diate pair C of tension stretching rollers only to a
stretch pull which is required for stretching in the plas-
tic range, namely approximately 5% to 25% of the
maximum stretch pull for the plastic stretching, while
the sets of brake rollers and pull rollers produce 75% to
95% of the maximum stretch pull, but only for the elas-
tic stretching of the strip.

FIG. 5 of the drawing shows a tension stretching
arrangement of independent significance. In this ar-
rangement, tension-controlled brake drives 12 act on
the brake rollers 1, 2, 3, 4 and tension-controlled tension
drives 13 act on the pull rollers 7, 8, 9, 10 and a speed-
controlled stretch drive 14 acts on the tension stretch-
ing rollers 5, 6 with the intermediate arrangement of a
superimposed gear assembly 15. A speed-controlled
main motor 16 acts on the tension rollers 7 as speed
master for the set B of tension rollers. Thus, in this
tension stretching arrangement, the set A of brake rol-
lers and the set B of pull rollers are tension-controlled,
while the pair C of tension stretching rollers is con-
nected through a differential gear assembly and the
stretch drive 14 generates as tension motor the desired
degree of stretching through speed control. Accord-
ingly, plastic stretching occurs when the stretch drive
14 operates. The stretch drive 14 is adjusted with the
percentage portion of the rate of rotation of the main
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motor 16 in accordance with the roller diameters and
the gear ratios, so that the stretch drive 14 produces a
uniform tension stretching over the entire speed range.
The superimposed gear assembly 15 is composed essen-
tially of a planetary gear assembly and a bevel wheel
connecting shaft which supports the tension stretching
rollers 5, 6.

While the invention has been illustrated and de-
scribed as embodied in a method and arrangement for
continuous tension stretching of thin strips, it is not
intended to be limited to the details shown, since vari-
ous modifications and structural changes may be made
without departing in any way form the spirit of the
present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting- features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects of

" this invention.
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What is claimed as new and desired to be protected
by letters patent is set forth in the appended claims.

We claim:

1. In a method for continuous tension stretching of
thin metal strips of steel, aluminum and like metals hav-
ing a thickness of between 0.05 mm and 0.5 mm, the
method including passing the strip through a set of
brake rollers and a set of pull rollers and subjecting the
strip to a stretch pull operation between the two sets of
rollers for stretching the strip in the plastic range,
wherein the stretch pull force corresponds to or slightly
exceeds the yield point of the strip material, the im-
provement comprising subjecting the strip to a stretch
pull operation required for stretching the strip in the
plastic range in a pair of tension stretching rollers ar-
ranged between the set of brake rollers and the set of
pull rollers and subjecting the strip to a stretch pull
operation required for stretching the strip in the elastic
range in the set of brake rollers and the set of pull rol-
lers.

2. The method according to claim 1, wherein 5% to
25% of the stretch pull force for plastic stretching are
produced by the pair of tension stretching rollers and
75% to 95% of the stretch pull force for elastic stretch-
ing of the strip are produced by the set of brake rollers

and the set of pull rollers.
* * * %X %



